BACKGROUND/OBJECTIVES: A lower eating frequency (EF) has been suggested to be important in the development of cardiovascular risk factors such as obesity and hyperlipidemia. However, the association between EF and blood pressure (BP) remains unclear. SUBJECTS/METHODS: The aim of this study was to explore the association of EF with BP and hypertension after adjusting for confounding variables, including body mass index (BMI) and waist circumference (WC). This cross-sectional study used data from the Third Korean National Health and Nutrition Examination Survey. A total of 4625 subjects aged X19 years were included. To explore the association of EF with BP and hypertension, we performed multiple linear regression analyses and multiple logistic regression analyses for survey design, respectively. RESULTS: EF was inversely associated with systolic BP (SBP) and diastolic BP (DBP). As EF increased from p2 to 3, 4 and X5 times per day, estimated adjusted means of both SBP and DBP decreased, showing a significant linear trend independent of obesity (SBP: 120.66, 120.23, 119.18 and 117.92 mm Hg, respectively; Po0.001; DBP: 78.36, 77.78, 77.25 and 76.50 mm Hg, respectively; P ¼ 0.004). The inverse association between EF and hypertension was gradually attenuated and significant after adjustment for confounding variables including BMI and WC (P ¼ 0.040). CONCLUSIONS: This study suggests that lower EF is significantly associated with higher BP, which may be partially mediated by the effect of central obesity. Further prospective studies are needed to verify this causal relationship.
INTRODUCTION
Hypertension, an important public health problem worldwide owing to its high prevalence, is a major preventable risk factor for cardiovascular disease and chronic renal disease. [1] [2] [3] [4] [5] Lifestyle modification is an effective tool for lowering blood pressure (BP). 1 Diet is a major lifestyle factor contributing to the development of hypertension and is modifiable if properly managed and educated. 1, 6 The Dietary Approaches to Stop Hypertension (DASH) diet, which emphasizes fruit, vegetable and low-fat dairy product consumption and reduced sodium intake, is recommended to lower BP. 1, 7, 8 Two key aspects of dietary behavior are considered modifiable: what we eat and how often we eat. 9 Eating frequency (EF) is often reported as the sum of the number of meals and snacks consumed per day; 9, 10 it is thought to be important in the development of obesity and other cardiometabolic risk factors. Increased EF was related to improved cholesterol profiles in some studies, [11] [12] [13] and a recent study reported that decreased EF is indicative of greater 10-year increases in body mass index (BMI) and waist circumference (WC).
14 Another cross-sectional study suggested that higher EF is associated with lower WC and reduced cardiometabolic risk factors, including fasting glucose, total cholesterol, lowdensity lipoprotein cholesterol and triglycerides, and that these associations are mediated by WC. 15 As obesity and abdominal obesity are well-established risk factors for high BP, 16, 17 EF is likely associated with BP; however, this association has not been extensively explored. A randomized crossover trial found that eating three meals per day led to approximately 6% lower systolic BP (SBP) and diastolic BP (DBP) after 8 weeks compared with consuming all daily energy needs in one large meal each day. 18 Another study investigating the relationship between meal frequency and plasma cholesterol level reported that the age-and sex-adjusted mean SBP for subjects who consumed four or more meals per day was significantly lower than that for those who consumed one or two meals per day.
SUBJECTS AND METHODS

Study population
This cross-sectional study was based on data from the Third Korean National Health and Nutrition Examination Survey (KNHANES III) conducted by the Korean Ministry of Health and Welfare in 2005. KNHANES III was a nationwide representative study for non-institutionalized civilians in the Republic of Korea using a stratified, multistage clustered probability sampling design. 21, 22 Of the 9004 participants of the Nutrition Survey, we excluded 2420 subjects aged younger than 19 years. Subjects without records on current use of hypertension medications, data on BP and data on frequency of meals or snacks per day were also excluded. Of the remaining 4900 subjects, we excluded the 14 participants who answered that their meal frequency was zero and those with incomplete data on potential confounding variables including smoking status, smoking amount (pack-years), alcohol consumption frequency, nutrient intake per day and anthropometric values such as WC and BMI. Another 85 women who were pregnant or had missing data on pregnancy were also excluded. The final analysis included 4625 subjects. All participants signed an informed consent form.
Measurement of variables
Measurement of BP and confirmation of hypertension. BP was measured by trained medical staff using a standardized technique. A cuff size appropriate for the subject's arm circumference was chosen, and the subject sat in a chair for 5 min to relax before BP measurement. A sphygmomanometer (Baumanometer; WA Baum Co. Inc., Copiague, NY, USA) was used to measure BP three times. The average of the second and third BP measurements was used to identify hypertension, 1 defined by SBP X140 mm Hg or DBP X90 mm Hg according to the Seventh Report of the Joint National Committee on Prevention, Detection, Evaluation and Treatment of High Blood Pressure (JNC 7) classification;
1 patients who reported taking antihypertensive medications were also considered to have hypertension.
EF and dietary measurements. Three measures of frequency of eating occasions were investigated: meal frequency, snack frequency and EF, which was defined as the sum of the number of meals and snacks eaten per day. Meal frequency was determined using the question 'Did you eat breakfast/lunch/dinner yesterday?' Snack frequency was estimated by the question 'How many times do you eat snacks per day?' The subjects were also asked about the types of snacks eaten frequently. The words 'meals' and 'snacks' were not further defined for the participants. Meal frequency was categorized as one, two and three meals per day; snack frequency was categorized as none, one, two and three or more snacks per day; and EF was categorized as two or less, three, four and five or more per day. Categories were determined by considering the distribution of each measure in the study population, ensuring adequate numbers in each group. Daily energy and nutrient intake, including intake of total calories (kcal per day), sodium (mg per day), potassium (mg per day) and calcium (mg per day), were assessed using a 24-h recall method by a well-trained nutritionist or interviewer for the Nutrition Survey. The 24-h recall method is a cost-effective and applicable dietary assessment for characterizing the average intake of a population. 23, 24 The nutrient adequacy ratio (NAR) was calculated for each of nine nutrients (protein, calcium, phosphorus, iron, vitamin A, thiamin, riboflavin, niacin and vitamin C) using the formula: NAR ¼ The subject's daily intake of a nutrient/recommended nutrition intake of that nutrient. The nine NAR values were then averaged to yield the mean adequacy ratio (MAR), which is an index of the overall diet quality. 25 The MAR provides an index of the overall diet quality. A high MAR score implies high-quality diet. 26 Other potential confounding variables. Trained medical staff measured height and weight by 0.1 cm and 0.1 kg, respectively, following standardized procedures at mobile examination centers. BMI was calculated as weight divided by height squared (kg/m 2 ), and WC was measured, according to the World Health Organization guideline, at the midpoint between the inferior margin of the last rib and the crest of the ilium in a horizontal plane. 27 Data on age; sex; current medications for hypertension, diabetes and dyslipidemia; smoking status; smoking amount (pack-years); usual alcohol consumption frequency (per month); stress levels (rare, a little, much, too much); sleep sufficiency (very much sufficient, fairly sufficient, somewhat insufficient, definitely insufficient); exercise frequency (per week); and physical activity assessed by the score on the International Physical Activity Questionnaire (IPAQ) 28 were acquired by the Health Interview Survey. On the basis of the smoking status, participants were classified as never smokers, past smokers (had smoked X100 cigarettes during their lifetime but were not smoking currently) and current smokers (had smoked X100 cigarettes and were still smoking). Pack-years of smoking were calculated using answers to the questions about tobacco use, including assessment of the usual number of cigarettes smoked daily and the smoking duration.
Statistical analysis
All statistical analyses were conducted with Stata version 10.0 (Stata Corp. LP, College Station, TX, USA) using the survey data commands (svy) to account for cluster effects and sampling weights. All results are presented as weighted values. The baseline characteristics of the participants were compared according to EF group using the complex sample general linear model for continuous variables and Pearson's w 2 test with RaoScott correction using F statistic for categorical variables. The nutritional characteristics of each EF group were presented as mean and s.e., and P-value for trend was obtained using complex sample general linear model after adjustment for age and sex. We explored the associations of EF, meal frequency and snack frequency with SBP and DBP using multiple linear regression analyses for survey design. We estimated the adjusted means and 95% confidence intervals (CIs) of SBP and DBP in each EF group and tested for linear trend across EF groups after adjusting for potential confounding variables including age, sex, smoking status, smoking amount (pack-years), usual alcohol consumption frequency (per month), exercise frequency (per week), IPAQ (metabolic equivalent of task-minutes per week), total calorie intake (kcal per day), sodium intake (mg per day), potassium intake (mg per day), calcium intake (mg per day), hypertension medication (yes or no), sleep sufficiency, stress levels, MAR, BMI and WC. In addition, the analyses were repeated, excluding subjects who reported taking medications for hypertension, diabetes or dyslipidemia. To investigate the association of EF, meal frequency and snack frequency with hypertension, we constructed three models and conducted analyses using the multiple logistic regression model for survey design to estimate the odds ratios (ORs) and 95% CIs for the presence of hypertension after adjusting for potential confounding variables. Model 1 was adjusted for age and sex. Smoking status, smoking amount, usual alcohol consumption frequency, exercise frequency, IPAQ, total calorie intake, sodium intake, potassium intake, calcium intake, sleep sufficiency, stress levels and MAR were added in model 2. To examine whether any associations were mediated by obesity, model 3 included additional adjustments for BMI and WC. Multiple logistic regression analyses were repeated for the subgroups stratified by the presence of abdominal obesity (WC X85 cm in women and X90 cm in men), 29 and by the diet quality index using the median of MAR as the cutoff point. Logistic regression was used in the tests for trend. We tested the interaction between WC and the categories of EF, snack frequency and meal frequency by including the interaction terms in the multiple logistic regression models. The same methods were also used to test interactions between diet quality and the categories of EF, snack frequency and meal frequency. All statistical significance was defined by a two-tailed P-value o0.05.
RESULTS
Baseline characteristics
EF was classified as 2 or less (9.28%), 3 (39.57%), 4 (35.37%) or 5 or more (15.78%) times per day. The (EF ¼ 3) group had the highest mean SBP and DBP, whereas the high EF group (EF X5) had the lowest mean SBP and DBP, with significant differences between groups (120.27 ± 0.51 and 78.27 ± 0.32 mm Hg vs 114.92 ± 0.66 and 75.37±0.49 mm Hg, Po0.001). Similar results were also observed when subjects taking antihypertensive medication were excluded. Hypertension prevalence was significantly lower in the high EF group (EF X5) than in the lower EF groups (19.04%, high EF group (EF X5); 28.64%, (EF ¼ 3) group; 21.94%, low EF group (EF p2); Po0.001). The low EF group had a higher proportion of men and current smokers, and more frequent alcohol intake than the high EF group. Table 1 presents other baseline characteristics according to the EF groups.
Nutritional characteristics of study participants
The mean values of total calorie, protein, fat, carbohydrate and crude fiber intake were significantly higher in the high EF group than in the low EF group. Further, water and mineral intake, including sodium, potassium and calcium, as well as vitamin intake, including vitamin A, carotene, retinol, thiamine, riboflavin and vitamin C, were significantly higher in the high EF group and lowest in the low EF group. MAR or the index of diet quality increased with increasing EF, showing a significant linear trend after adjusting for age and sex (Po0.001) ( Table 2 ). In further analyses stratified by meal frequency (3 vs 1-2 times per day), frequent snack eaters consumed more potassium, retinol, thiamine and riboflavin regardless of the meal frequency. As snack frequency increased, MAR also showed a significant increasing trend in both groups stratified by meal frequency. However, sodium intake was not different between the groups stratified by snack frequency (Supplementary Table 1) .
Association of EF, meal frequency and snack frequency with SBP and DBP In multiple linear regression analyses for survey design after adjusting for covariates (Figure 1 ), the estimated adjusted mean Figure 1 ). Repeated analyses after excluding subjects taking medication for hypertension, diabetes or dyslipidemia showed similar results (Supplementary Table 2 ).
Association of EF, meal frequency and snack frequency with hypertension In the multiple logistic regression analyses, after adjusting for covariates including BMI and WC, the adjusted ORs for hypertension were 1.046 (95% CI: 0.745-1.468), 0.856 (95% CI: 0.695-1.054) and 0.732 (95% CI: 0.555-0.965) in each EF group (EF ¼ 2, EF ¼ 4 and EF X5, respectively) compared with the (EF ¼ 3) group. As EF increased from 2 or less to 5 or more times per day, the ORs for hypertension decreased linearly in all models (P-value for trend: 0.016 in model 1, 0.021 in model 2 and 0.040 in model 3). The inverse association between EF and hypertension was gradually attenuated after adjustment for confounding variables including BMI and WC. Snack frequency was inversely related to the odds of hypertension. In the final model, the adjusted ORs for hypertension were 0.828 (95% CI: 0.672-1.020), 0.746 (95% CI: 0.552-1.007) and 0.618 (95% CI: 0.375-1.018) for the groups that had one, two and three snacks per day, respectively, compared with the group that had no snacks. Higher snack frequency also decreased the ORs for hypertension in all models, showing a linear trend (P-value for trend: 0.003 in model 1, 0.005 in model 2 and 0.009 in model 3). Eating one meal per day increased the ORs for hypertension compared to eating three meals per day; however, the associations were not statistically significant ( Table 3 ).
The effect of EF on hypertension stratified by abdominal obesity and diet quality A differential effect of EF and snack frequency on hypertension in terms of abdominal obesity was not observed (P-value for interaction ¼ 0.518 and 0.762, respectively). However, in a stratified multiple logistic regression analysis according to abdominal obesity, EF and snack frequency were significantly associated with the odds of hypertension even after controlling for confounding variables such as BMI in the subgroup with abdominal obesity (P-value for trend: 0.02 and 0.009, respectively), but not in the subgroup without abdominal obesity. The Eating frequency and blood pressure S Kim et al interaction of EF and snack frequency with diet quality was not significant (P-value for interaction ¼ 0.461 and 0.817, respectively). However, in the stratified multiple logistic regression analysis according to diet quality, a marginally significant association between EF and the odds of hypertension and a significant relationship between snack frequency and the odds of hypertension were observed in the low diet quality group with MAR o50% (P-value for trend: 0.057 and 0.011, respectively), but not in the high diet quality group with MAR X50% (Table 4) .
DISCUSSION
In this study, we found that lower EF, after adjustment for total calorie intake, was associated with increased SBP and DBP independent of BMI and WC. Further, a statistically significant inverse relationship between EF and hypertension was observed. The high EF group (EF X5) had an estimated lower level of SBP by 3 mm Hg and of DBP by 2 mm Hg than the low EF group (EF p2). Participants who did not consume snacks had a higher level of SBP by 3 mm Hg and of DBP by 2 mm Hg than those who consumed snacks 3 or more times daily after controlling for total calorie intake. These effects are similar to those of moderate drinking or a low-salt diet for primary hypertension prevention. 1 Prospective studies reported that a 2 mm Hg decrease in the average DBP in the population would reduce the risk of hypertension by 17%; stroke by 14%; and coronary heart disease by 6%. 30 In addition, a 3 mm Hg decrement in SBP distribution would result in an 8% reduction in stroke risk, a 5% reduction in coronary heart disease risk and a 4% decrease in all-cause mortality. 31 Previous studies have suggested an association between EF and cardiovascular risk factors such as lipid profile, obesity and glucose tolerance. [11] [12] [13] [14] [15] However, few studies have investigated the association between EF and BP. An 8-week randomized crossover study documented that eating three meals per day lowered SBP and DBP by 6% compared with eating one large meal, which corresponds to our study findings. 18 However, in that randomized crossover study, the BPs of subjects in the different meal frequency groups were measured at different times of day. Therefore, it is possible that an observed increase in BP in those who consumed one large meal per day may be owing to diurnal variation in BP. Another study reporting an observed inverse relationship between meal frequency and BP focused on the association of meal frequency with cholesterol level, suggesting Figure 1 . Adjusted mean (95% CIs) of SBP and DBP according to eating frequency using multiple linear regression analyses for survey design (N ¼ 4625). The adjusted mean of each EF group was compared with that of the (EF ¼ 3) group by the Wald test (*P-value for trend o0.05, **P-value for trend o0.01). The adjusted mean of each snack frequency group was compared with that of the low snack frequency group (snack frequency ¼ 0) by Wald test (*P-value for trend o0.05, **P-value for trend o0.01). The adjusted mean of each meal frequency group was compared with that of the high meal frequency group (meal frequency ¼ 3) by Wald test (*P-value for trend o0.05, **P-value for trend o0.01). (a) Adjusted for age, sex, smoking status, smoking amount (pack-years), usual alcohol consumption frequency (per month), exercise frequency (per week), International Physical Activity Questionnaire score (metabolic equivalent of task (MET)-minutes per week), total calorie intake (kcal per day), sodium intake (mg per day), potassium intake (mg per day), calcium intake (mg per day), hypertension medication, sleep sufficiency, stress level, MAR, BMI and WC. (b) Plus additional adjustment for meal frequency. (c) Plus additional adjustment for snack frequency.
Eating frequency and blood pressure S Kim et al that potential confounding variables influencing measurement of BP may not have been sufficiently considered. 12 In this study, most of the participants (71.33%) had three meals per day; therefore, increases in EF appear to be attributed to increases in snack frequency. In the analyses of snack frequency and meal frequency, snack frequency but not meal frequency was negatively related to BP and hypertension. A previous study reported that participants who consumed three snacks per day had a greater decrease in BP than those who did not have a snack, although the difference was not significant, which may be owing to the small sample size. 19 Another study showed that the inverse association between daily eating frequency, especially snack frequency, and BP in school children depends on BMI and body fat mass. 32 Therefore, we performed further adjustment for BMI and WC, and the inverse association between EF and BP remained significant regardless of BMI and WC. The apparent discrepancy between the previous study in schoolchildren and our study may be owing to the different age groups studied.
The underlying mechanism of the association between EF and BP remains unclear, but may be partly mediated by obesity or central adiposity. Some studies have suggested that low EF is related to obesity, in particular central obesity. 9, 10, [33] [34] [35] A recent study reported that lower snack frequency and EF were related to greater 10-year changes in BMI and WC in adolescent girls.
14 Obesity is a well-known risk factor for hypertension. 16, 36 In our study, the association between EF and hypertension attenuated after adjusting for BMI and WC. Furthermore, in subjects with abdominal obesity, a significant inverse association between EF and hypertension was observed, but these associations were not significant in subjects without abdominal obesity. These findings suggest that central adiposity is an important factor in the relationship between EF and hypertension. However, in the present study, the inverse association between EF and BP persisted even after controlling for BMI and WC; therefore, there may be another pathway independent of obesity.
Insulin resistance or hyperinsulinemia may also contribute to the association between EF and BP. 37 Increasing meal frequency while controlling the total calorie intake is related to lower insulin concentrations in type 2 diabetes patients. 38 In addition, a cross-sectional study showed that subjects who regularly eat three meals per day have a lower risk of metabolic syndrome and insulin resistance than irregular eaters who eat one or two meals per day. 39 Reduced insulin sensitivity in irregular eaters with decreased EF, which induces a higher insulin response to meals, is related to overactivation of the sympathetic nervous system, excess angiotensinogen secretion and renal sodium retention. [38] [39] [40] This effect could result in elevated BP and carry over to the fasting state, which may affect the risk of increased BP. These effects may be more prominent in obese subjects who are susceptible to insulin resistance. Taken together, data suggest that higher EF without a change in the total calorie intake may have a beneficial effect on insulin resistance and BP control.
In addition, other previous studies have found that subjects who ate more often were likely to select healthy foods, resulting in improved diet quality 15 and increased daily intakes of vitamins A, C and E and beta carotene. 41 In our study, the high EF group ate more fruits and vegetables, milk and dairy products and beverages such as coffee and tea, but less fried food than the lower EF group. They also consumed more potassium, calcium, vitamin A, carotene, retinol, thiamine, riboflavin and vitamin C than their counterparts. Eating more frequent snacks with the same meal frequency also increased daily intake of potassium, retinol, thiamine and riboflavin, but not of sodium (Supplementary  Table 1 ). Hence, diet quality was improved with increasing EF or snack frequency. The inverse relationship between EF or snack frequency and hypertension was maintained in the group with low-diet quality, but not in the group with high-diet quality. Therefore, improved diet quality may also explain the relationship between higher EF or snack frequency and lower hypertension. However, the inverse association of EF or snack frequency with hypertension and BP was observed even after the adjustment for diet quality, suggesting that this relationship is independent of diet quality. In the present study, dietary sodium intake, an important risk factor for hypertension, 42 increased with increasing EF. However, the inverse association of EF with BP or hypertension was maintained regardless of the adjustment for daily sodium intake. These results suggest that lower EF may be associated with high BP or the odds of hypertension, independent of sodium intake.
Although the influence of EF on total calorie intake remains unclear, the weighted mean daily calorie intake ( ± s.e.) and BMI ( ± s.e.) of the study subjects were 2108.7 ( ± 17.7) kcal per day and 23.6 ( ± 0.06) kg/m 2 , respectively, and the daily total energy intake in the subjects with one or two meals per day with increasing snack frequency from 0 to 3 times was 1682.1±52.2 and 2079.5 ± 167.6 kcal per day, respectively. 43 In conclusion, these findings suggest that EF, especially snack frequency, and dietary components without changes in the total calorie intake may have an impact on hypertension. Abdominal obesity was defined as a WC X85 cm in women and X90 cm in men, proposed as the appropriate WC cutoffs for abdominal obesity by the Korean Society for the Study of Obesity. 29 b MAR: average of NAR for nine nutrients (protein, calcium, phosphorus, iron, vitamin A, thiamine, riboflavin, niacin, vitamin C). NAR ¼ the subject's daily intake of a nutrient/Korean RNI of that nutrient. All NAR values are truncated at 1.0. c Adjusted for age, sex, smoking status, smoking amount (pack-years), usual alcohol consumption frequency (per month), exercise frequency (per week), International Physical Activity Questionnaire score (MET-minutes per week), total calorie intake (kcal per day), sodium intake (mg per day), potassium intake (mg per day), calcium intake (mg per day), sleep sufficiency, stress level, MAR and BMI. Adjusted for age, sex, smoking status, smoking amount (pack-years), usual alcohol consumption frequency (per month), exercise frequency (per week), International Physical Activity Questionnaire score (MET-minute per week), total calorie intake (kcal per day), sodium intake (mg per day), potassium intake (mg per day), calcium intake (mg per day), sleep sufficiency, stress level, BMI and WC. Eating frequency and blood pressure S Kim et al
